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STATEMENT OF FOCUS 



The Wisconsin Research and Development Center for Cognitive Learning 
focuses on contributing to a better understanding of cognitive learning by chil- 
dren and youth and to the improvement of related educational practices. The 
strategy for research and development is comprehensive. It includes basic re- 
search to generate new knowledge about the conditions and processes of learn- 
ing and about the processes of instruction, and the subsequent development of 
research-based instructional materials, many of which are designed for use by 
teachers and others for use by students. These materials are tested and refined 
in school settings. Throughout these operations behavioral scientists, curric- 
ulum experts, academic scholars, and school people interact, insuring that the 
results of Center activities are based soundly on knowledge of subject matter 
and cognitive learning and that they are applied to the improvement of educa- 
tional practice. 

This Technical Report is from the Language Concepts and Cognitive Skills 
Related to the Acquisition of Literacy Project in Program 1. General objectives 
of the Program are to generate new knowledge about concept learning and cogni- 
tive skills, to synthesize existing knowledge, and to develop educational ma- 
terials suggested by the prior activities. Contributing to these Program objec- 
tives, this project's basic goal is to determine the processes by which children 
aged four to seven learn to read and to identify the specific reasons why many 
children fail to acquire this ability. Later studies will be conducted to find 
experimental techniques and tests for optimizing the acquisition of skills needed 
for learning to read. 
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ABSTRACT 



Studies of recall and recognition short-term memory (STM) were reviewed, 
and a series of studies of serial recognition memory of normal and retarded chil- 
dren was described. From experiments using a recall procedure it was con- 
cluded that important variables affecting adult performance also had comparable 
effects on normal and retarded children. With decreasing age and IQ there were 
decrements in initial performance level but less evidence that forgetting oc- 
curred at a faster rate in younger and less intelligent children. Recognition 
memory was found to be relatively constant over a wide range of age and IQ. 
Evidence was presented that ability to encode and organize stimulus material 
depended on age and IQ. Retarded children were especially poor at adopting 
efficient encoding strategies and seemed relatively incapable of making use 
of the organizational structure of a list to facilitate storage and recall. De- 
tailed analyses showed: (a) considerable response bias in children's recogni- 
tion behavior, (b) consistent primacy and recency effects when bias was taken 
into account, and (c) evidence that memory for individual items was not all-or- 
none. Except for response biases and forgetting rate, recognition memory proc- 
esses of normal and retarded children appeared to be identical to those of adults. 
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INTRODUCTION 



The ability to remember several items of 
information over a brief period of time, 5 
30 sec., is a prerequisite skill for many kinds 
of cognitive tasks. In order for a reader to 
make sense of a paragraph, for example, the 
essential content of the component sentences 
must be retained for several seconds, while 
higher level organization and storage is car- 
ried out. At times short-term retention of a 
string of items is useful in its own right, as 
in remembering a telephone number long 
enough to dial it. If one wants to remember 
the number for a fairly long period of time, 
additional efforts must be made to "memorize" 
it, either by repeating it, or by finding some 
way of chunking or organizing the information. 

The work of Peterson and Peterson (1959) 
revived interest in short-term memory (STM). 
Since then, extensive investigations have 
been carried out in this area, most of them 
using college students as Ss. Reviews of 
recent research can be found in Melton (1963), 
Postman (1964), Posner (1963), and Peterson 
(1966). The findings most relevant to the 
studies reported in this paper are that 
(a) forgetting of unrelated items occurs very 
rapidly (e.g., forgetting of a consonant string 
such as KVM is virtually complete after 30 
sec. if no rehearsal is allowed during the in- 
terpolated interval; (b) tne more unrelated are 
items in a list, the more rapidly individual 
items are forgotten; (c) both primacy and 
recency are observed (i.e. , when S is asked 
to recall items from a fairly long list, the 
most recently presented items are best re- 
membered, the items presented initially show 
next highest recall, and poorest performance 
is on the middle items); (d) forgetting often 
involves partial rather than all-or-none loss 
of information; and (e) with lists that lend 
themselves to organization, or when organi- 
zation is imposed by teaching the S some 
kind of encoding strategy, forgetting occurs 

at a much slower rate. 

The first three points are probably familiar 
to most psychologists and are well covered in 



the reviews referenced above. Evidence bear 
ing on the last two points is of more recent 
origin, and a few additional comments may be 
of some value. Partial forgetting refers to the 
finding that, whenS is trying to recall some- 
thing and makes an error, the erroneous re- 
sponse is likely to resemble the correct an- 
swer in some fashion, rather than being chosen 
entirely at random. For example, Wickelgren 
(1966) has shown that in recall of consonant- 
letters, phonetic intrusions predominate; if 
there is an error in recalling G . the replace- 
ment is a consonant that sounds like G, such 
as C, rather than a different-sounding con- 
sonant such as M. It appears that 5 can re- 
member some characteristics of the item 
(equivalent to the fact that the item ended in 
/i/ and was fricative), even though the exact 
item cannot be recalled. 

The importance of list organization in re- 
call is certainly not a new finding. However, 
recent studies have brought new techniques 
to bear on this problem, with interesting re- 
sults. For example, Bower (1964) taught Ss 
to convert meaningless consonant strings 
such as BMF into phrases such as "Bring Me 
Flowers" and found virtually no forgetting 
after 30 sec. Calfee and Peterson (in press) 
found that recall of a list of 8 items made up 
of two sublists of 4 categorically similar items 
was higher if the presentation was organized 
i.e., if all the items in one category were pre- 
sented, and then the items in the second cate- 
gory (e.g., BEAR, FOX, DEER, TIGER, 

BEAN, PEA, CARROT, BEET )— than if the 
items were scrambled, and that the improved 
recall was not primarily dependent upon im- 
proved guessing rates in the organized presen- 
tation. 

In this paper, the experimental literature 
on STM in normal and retarded children is re- 
viewed, and a series of studies on the effect 
of list length and list structure on short-term 
recall is presented. Relatively few develop- 
mental studies of STM are available, probably 
because of the difficulty of finding a suitable 
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task which is neither too boring nor too com- 
plex. It is most convenient to discuss experi- 
ments using recall tasks and those involving 
recognition tasks separately. In recall tasks 
the S must provide the response, typically a 



number, letter, or word, whereas in recognition 
tasks the set of alternatives is made available 
to the S and the response involves pointing. 
The recall task would seem to place greater 
demands on memory. 



II 

SHORT-TER* RECALL IN CHILDREN 



The studies reviewed in this section con- 
cern, in turn, (a) tests relevant to Ellis' (1963) 
hypothesis of a stimulus trace deficit, (b) retro- 
active and proactive interferer. *e (RI and PI, 
respectively), and (c) list organisation. 

Before considering specific studies, one 
methodological problem must be considered. 

The procedure frequently used to discover 
whether forgetting is faster in retardates than 
normals consists of testing two or more popu- 
lations of Ss for recall at several delay in- 
tervals. A significant Group-by-Delay inter- 
action is taken as evidence of a difference in 
forgetting rate. As long as all groups start 
at the same base level when an immediate 
recall testis administered, the only problem 
with this approach is insensitivity due to 
boundary effects. That is, Ss may make no 
errors at all on a recall test but still differ 
on other measures of response strength, such 
as latency or confidence judgments. Because 
the recall measure has a boundary of 100% 
correct, it may be insensitive to underlying 
differences that may affect performance at 
longer delay intervals. However, if the groups 
start at different initial levels, as is not un- 
usual, the interaction term from the analysis 
of variance may not be appropriate, depending 
on the model assumed. Analysis of variance 
is based on a linear model, but most forgetting 
curves are exponential. This means that the 
amount of forgetting during an interval is a 
constant proportion of the amount remaining 
to be forgotten. In this case, it is more mean- 
ingful to use the constant of proportionality 
to estimate the forgetting rate. 

Suppose, for example, that two groups 
(A and B) are tested on eight-item lists at de- 
lays of 0 and 10 sec. Assume that at 0-§ec. 
delay, Group A recalls 8 items and Group B 
6 items, while at 10-sec. delay, 4 and 2 items 
are recalled by A and 6, respectively. In the 
analysis of variance model that is likely to 
be used with these data, the interaction term 
would test whether the difference between the 
two groups was identical at both delay inter- 



vals. as it is in the example. A finding of no 
interaction is equivalent to showing that each 
of the four data points can be represented by 
a simple linear combination of the main ef- 
fects due to the group and delay variables. 

It is also equivalent to showing that the for- 
getting curves are parallel to each other. 

In the example above. Group A has a 
slower forgetting rate than Group B. since 
over a 10-sec. interval it lost half of the in- 
formation available on immediate test, while 
Group B lost two-thirds. This does not imply 
that application of analysis of variance to 
recall data is inappropriate; but it does call 
into question the interpretation of the results 
of such analysis. 

In studies of STM in children, it is rare 
to find the kind of parametric investigation 
in which reliable measures of recall ore ob- 
tained for each group at a sufficient number 
of points on the delay continuum to allow pre- 
cise specification of the forgetting function 
and estimation of parameters. From several 
studies discussed below in which retardates 
typically forget the same absolute amount as 
normals over a fixed time but start at lower 
base levels, it seems reasonable to infer that 
retardates forget at a faster rate than normals. 
However, forgetting rate is generally not de- 
fined in the literature as the proportionate 
loss of information, but as the absolute differ- 
ence in probability of recall. In this review 
this custom will be observed, so that when it 
is said that two groups forget at the same 
rate, what is meant is that the forgetting 
curves are parallel. However the alternate 
interpretation should be kept in mind. 

By comparing the performance of normal 
and mentally retarded children, several studies 
have been undertaken to test Ellis' (1963) 
hypothesis that the deficit in retardation can 
be attributed to more rapid fading of the short- 
term stimulus trace. His thesis was that in 
retardates the representation in memory of a 
newly arrived piece of information is weaker 
and fades more rapidly than it does in normal 
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individuals. Differences in rate of forgetting 
have therefore been of primary interest. Evi- 
dence bearing on this hypothesis has been 
mixed, but a variety of interesting substantive 
findings have come forth. 

Two studies reported in Headrick and 
Ellis (1964) showed that rate of forgetting of 
a 6-digit array over a period of 45 sec. was 
identical for normal and retarded 15 -year-olds 
(matched onCA). The 6 digits, arranged in a 
circular array, were presented for 50 msec. — 
a very brief presentation for that amount of 
information. Then, following a delay period, 
the location of the digit to be recalled was 
indicated by a marker light next to one of the 
elements in the array. Thus, until the marker 
light came on, the entire array had to be re- 
membered. Ability to perceive all elements 
of the array was poor and there was only a 
slight effect of the delay interval. Th"? re- 
tardates performed at a generally lower level 
than did normals, but the functions relating 
recall to delay were parallel. Although re- 
tardates were less proficient at reading or 
encoding a briefly presented stimulus, their 
ability to store whatever information had been 
obtained was comparable to that of normals. 
Holden (1965, 1966, 1967) reported similar 
findings in a series of studies with visual 
recognition tasks. 

O’Connor and Hermelin (1965) also con- 
cluded that retardates are subject to input 
restrictions but have short-term forgetting 
rates comparable to those of normals. Normal 
and severely retarded children were tested 
for immediate recall of 3-digit numbers which 
were presented either simultaneously or suc- 
cessively at rates ranging from .13 to 3.3 sec. 
per digit. In the successive procedure, a 
slow presentation rate gives the 5 the ad- 
vantage of a longer time to read each item 
and integrate it with previously presented 
digits, but the concurrent disadvantage is 
that the initial digits have to be remembered 
over a longer time span. Normals and re- 
tardates both showed the same serial position 
effect as presentation rate was varied — the 
first digit was better recalled at fast rates, 
and the last digit was better recalled at slow 
rates. In normals, an optimal tradeoff in 
these two processes occurred at .66 sec. per 
digit, while in retardates, the two processes 
balanced out at all presentation rates. Al- 
though the normals performed at a higher 
overall level than retardates, the rate at 
which the initial digit was forgotten was ap- 
proximately the same for both groups. This 
led to the conclusion that input restriction, 
rather than forgetting, was responsible for the 
poorer recall in retardates. 



Although the two groups appeared to handle 
successively presented material similarly, 
there were differences in recall of simultan- 
eously presented numbers. Except for the 
fastest rate normals made more errors with 
successive than simultaneous presentation. 
With rapid simultaneous presentation, errors 
piled up at the third digit, which suggests 
that the'e was not enough time to read all 
three digits. Under simultaneous presentation 
retardates made a substantial number of errors 
at each of the serial positions. The integra- 
tion of the 3 digits apparently posed special 
problems for retardates. For example, at the 
slowest presentation rate, normals and re- 
tardates made the same number of errors at 
each serial position, but retardates were less 
likely to recall all 3 digits in their correct 
locations. 1 

In an earlier study, Hermelin and O'Connor 
( 1964) also found evidence of impaired re- 
hearsal or encoding capacities in retardates. 
Their Ss, retardates ranging from 12 to 18 yrs. 
and normals matched on MA (6 to 7 yrs.), 
were required to recall a digit string after 2- 
to 12-sec. intervals which were either blank 
or filled with a pronunciation task, involving 
either common or rare words. Digit string 
length ranged from 2 to 5 items, depending on 
the span of the individual S. The mean digit 
spans of the two groups were not given; pre- 
sumably, the retardates had shorter spans 
and were therefore required to remember less — 
a factor which should tend to reduce group 
differences. Normal children forgot very little 
during intervals in which they did not have 
the additional pronunciation task. In fact, 



1 After this review was prepared, a draft 
report on a series of studies of serial recog- 
nition memory for a sequence of 9 digits was 
received from Ellis (1968). While a recogni- 
tion task was employed, the fact that digits 
were used make it appropriate to consider the 
report here. The most pertinent findings, 
based on a population of older retardates 
(CA = 20 yr., IQ = 61), were that rate had no 
effect on performance, and that primacy effects 
were negligible, but appeared to increase with 
training. Performance was much poorer than 
for CA-matched normals, who exhibited marked 
primacy, and for whom slower presentation 
rate improved performance. It is worth com- 
paring the Ellis results with those of O'Connor 
et al. O'Connor found rate effects in re- 
tardates with a cubspan digit string, Ellis 
found no effect with a supraspan string. It 
would appear useful to explore the joint ef- 
fects of list length and presentation rate. 
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they showed slightly better performance with 
a 12-sec. delay than with no delay, as in the 
inverse forgetting experiments of Crawford, 
Hunt, and Peak (1966). The younger retardates 
had forgotten most of the string by the end of 
a 12 -sec. blank interval; older retardates 
showed little loss. When the delay interval 
was filled with the rehearsal-preventing pro- 
nunciation task, recall was substantially 
poorer for both normals and retardates, but 
the latter group appeared to forget more rapidly. 

Over the course of an unfilled interval in 
young retardates, rapid forgetting occurred in 
spite of the opportunity for rehearsal. It is 
possible that the retardates did not rehearse, 
perhaps because of poor motivation or atten- 
tion. (There were 72 trials per session — a 
lot of testing for retarded children.) An alter- 
native hypothesis is that the rehearsal activ- 
ities of normals involve reorganization of 
digit strings into more compact subunits or 
chunks, and that it is this ability which is 
poorly developed in retardates. 

Fagan (1966) has reported results that 
complement those of the Hermelin and O’Con- 
nor (1964) study. Slightly retarded 11-year- 
olds and normal 9-year-olds were compared 
on a 4-digit retention test with filled (color 
naming) or unfilled intervals. Both normals 
and retardates showed some loss (about 5%) 
after an 8-sec. unfilled interval and much 
more forgetting after a filled interval. Re- 
tardates again performed more poorly under 
all conditions , but forgetting curves were 
parallel to those of normals. The experiment 
was equivalent to Hermelin and O’Connor’s 
in most respects; Fagan’s retardates had 
higher IQ's and his normal children were a 
little older. Both groups in Fagan’s study 
showed some forgetting with an unfilled de- 
lay, rather than the constancy observed by 
Hermelin and O’Connor, perhaps because of 
the longer list — 4 digits instead of 3. 

Parenthetically, in all three studies which 
used digit sequences presumably within the 
span of both normals and retardates, con- 
siderable variation in performance was ob- 
served at short delays and with unfilled 
intervals. For example, in O’Connor and 
Hermelin (1965), 5- to-8-year-old normals 
had error rates of about 5%, 18-year-old 
retardates about 10%, and 12— year— old re- 
tardates about 25%. In Hermelin and O’Con- 
nor (1964), in which 6-year-old normals 
were matched with 15-year-old retardates, 
the error rates were 34 and 58%, respectively. 
In the former study, the digits were read to 
the child, while in the latter study, the digits 
were shown one at a time. From the con- 



flicting evidence on the relative e se with 
which material presented in a visual or audi- 
tory mode can be handled, it is not clear what 
effect is to be expected from differences in 
mode of presentation. In Fagan's (1966) ex- 
periment, in which digits were also read to 
the children, the observed error probabilities 
were 10 and 25% for 9-year-old normals and 
11-year-old retardates, respectively. These 
probabilities agree well with O’Connor and 
Hermelin, which indicates that presentation 
mode may be important. 

In the studies by O'Connor and Hermelin 
digit span was pretested and the length of the 
digit strings used in the testing was always 
less than or equal to the pretest value; the 
error rate should therefore have been close 
to 0. It is apparent that under conditions of 
little or no RI, there was a substantial reduc- 
tion in digit span over the testing series for 
both normals and retardates, possibly due to 
PI from preceding lists. The reduction appears 
to be relatively greater for retardates than for 
normals. 

Returning to the problem of RI, Metzger, 
Simon, and Ditrichs (1965) investigated the 
effects of various types of interpolated tasks 
on recall. Retarded adults were required to 
remember a single word over a delay period 
(up to 16 sec.) which was filled with one of 
several types of interpolated activity. If the 
delay period was blank or filled with music, 
or if S was asked to rehearse the word, little 
forgetting occurred. If an unrelated activity 
such as color naming was required, or if 
acoustically similar material (other words) 
was presented, recall was poorer. It is in- 
teresting to note that older retardates showed 
no loss during an unfilled delay interval (cf. 
Ellis, 1968). While no normal controls were 
tested, the general pattern of results was 
what one would expect in light of the work 
on acoustic interferences in STM (Wickelgren, 
1966; Dale & Gregory, 1966) and difficulty of 
information processing in an interpolated tagk 
(Posner & Rossman, 1965). 

Borkowski (1965), using the Keppel and 
Underwood (1962) design for studying PI in 
STM, examined the effects of PI in retarded 
adults (IQ = 64, CA = 26) and MA-matched 
children, and in high (102) and low (81) IQ 
hospitalized adults. The procedure consisted 
of a series of trials on which a consonant 
trigram or bigram was presented for recall 
over a filled delay interval (up to 16 sec.). 

The original finding of Keppel and Underwood 
was that on early trials (little PI from preced- 
ing items) there was little forgetting over the 
delay interval, whereas after a number of 
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trials had been run, numerous errors occurred 
at long delays. Loess (1964) showed that 
intrusion errors in this design could be traced 
to interference from items presented on pre- 
ceding trials. The clearest result in Borkow- 
ski's experiment was that, over a 16-sec. 
delay, retardates and low IQ adults were much 
more affected by PI than were normals and 
high IQ normals, respectively. On early trials, 
all Ss performed at about the same level. 

After 3 or 4 trials , however, recall by the low 
IQ groups had dropped to half the initial 
level, while recall scores of the high IQ 
groups declined only slightly. The low IQ 
groups seemed unable to maintain a distinc- 
tion between the item which had just been 
presented and previously presented items; 
consequently, they made about twice as many 
intrusion errors. Instructions were not re- 
ported. However, in STM experiments of this 
sort Ss may attempt to remember everything 
that has been presented unless specifically 
instructed otherwise. There is no way of 
telling whether the groups with poorer intelli- 
gence were trying to remember more of the 
previous items (perhaps due to an inadequate 
understanding of instructions) or whether all 
Ss were trying to remember everything, the 
poorer Ss being less able to keep the items 
correctly ordered in memory. 

Spitz (1966) has argued that input organi- 
zation is an especially important factor in the 
memory performance of retardates. He sug- 
gests that, while normals seek to encode or 
transform information into a simpler, more 
organized format, "retardates frequently do 
not act on the incoming material, or act on 
it in ways that hinder learning and memory 
[p. 53]." In addition to reviewing studies on 
free-recall and paired-associate learning 
(which are not immediately relevant to this 
paper), Spitz presented a study on the effect 
of organizational variables on STM in normals 
and retardates. The classical digit span 
procedure was used — the child was shown a 
series of cards on which were printed lists 
of digits, each list containing one more digit 
than the last, until a recall error occurred 
(or to a maximum length of 8 digits). Lists 
were presented in an ungrouped (U) or grouped 
(G) format (digits were equally spaced or were 
clustered in pairs where possible, e.g., 25836 
vs. 25 83 6 in a 5 -item list). Moderately re- 
tarded adolescents matched on MA to 9 -year- 
old normals were assigned to one of three 
conditions. All Ss were tested twice. In 
Condition U-G, first the ungrouped span was 
determined, and then the grouped span; in 
Condition G-U, this order was reversed; 



and in Condition U-U, both tests were un- 
grouped. 

Normals performed at a somewhat con- 
stant level under all conditions (mean digit 
span of about 6 items), with only slight facili- 
tation for G lists. Retardates performed more 
poorly than normals under all conditions (mean 
span of about 4.5 items), but could recall an 
average of almost 1 digit more in the G than 
the U format. The span for the U test in Con- 
dition G-U was only slightly above that for 
the U test in Condition U-G, leading Spitz to 
conclude that retardates could not profit from 
experience with grouping. However, either 
because of PI or fatigue or both, there was a 
decrease in span of about half a digit from 
the first to the second test in Condition U-U. 
Taking this drop into account, it is apparent 
that there was some transfer from training on 
G to U material; the increase of .5 digit in 
G-U compared to U-U was not statistically 
reliable, however. A recent study by Wickel- 
gren (1967) suggests that greater differences 
might have been observed under slightly 
changed conditions, viz., if groups of 3 digits 
had been used, and if, in the recall procedure, 
the grouping was emphasized by asking for 
recall in groups of 3. 

Following a series of experiments using 
Broadbent's (1958) dichotic listening task, 
Neufeldt ( 1966) reached a conclusion similar 
to that of Spitz, viz., that normal Ss are more 
disposed to adopt encoding strategies in the 
storage and retrieval of information than are 
retardates. Neufeldt' s retarded Ss were 13- 
year-old organic and familial retardates with 
IQ's around 70. Normal groups matched on 
MA or CA were also tested. In the dichotic 
listening task, pairs of items are presented 
simultaneously, one item to the right ear, the 
other item to the left ear. After several pairs 
have been presented, S is asked to recall as 
many items as possible. The stimulus ma- 
terial consisted of digits, letters of the alpha- 
bet, or both. 

The groups were consistently ordered on 
most performance measures: organic retardates 
were poorest; matched CA controls were best; 
familial retardates and matched MA controls 
were between and did not differ from each 
other. In some comparisons, the performance 
of the retardates differed qualitatively from 
that of normals. For example, retardates 
tended to stay with "ear order" recall (i.e. , 
to recall all the items presented to one ear, 
then all those presented to the other) even 
for slow presentation rates at which more ef- 
ficient temporal recall (i.e., recall of the items 
in sequential pairs from first to last) was 
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adopted by older children and adults. When 
mixed lists of digits and letters were pre- 
sented, a child was asked to recall either in 
ear order or in type order (e.g., all the letters, 
followed by all the digits). Interestingly, re- 
tardates performed substantially better under 
type order than ear order, while normal chil- 
dren could recall equally well under both con- 
ditions. Ss were informed before each block 
of trials as to the recall procedure, so it is 
not possible to differentiate between storage 
or retrieval effects. However, the result is 
consistent with the hypothesis that retardates 
have a relatively restricted repertoire of en- 
coding strategies and that, although they per- 
form at a higher level when requested to 
handle information in an organized fashion, 
they do not tend to adopt such strategies 
spontaneously to the same extent as do nor- 
mal children. 

To summarize the results above, first, 
recall performance decreases at all delay in- 
tervals with decreasing MA and IQ. Since 
immediate recall (zero delay) decreases sim- 
ilarly, it seems reasonable to conclude that. 



for materials of the sort used (sequence of 
digits, letters or words), basic reception or 
input ability is directly related to level of 
intellectual functioning. As to whether rate 
of forgetting also depends on MA, the evi- 
dence is somewhat mixed, but the studies 
reviewed do not provide convincing support 
for the hypothesis that retardates forget more 
rapidly than normals. 

Secondly, memory processes of children 
at various ages and IQ levels exhibit RI and 
Px effects qualitatively similar to those ob- 
served in college students. Few quantitative 
comparisons can be made, however, because 
experimenters seem compelled to make "slight" 
changes in procedure and materials, and few 
genuine developmental studies are available. 

Finally, organizational variables appear 
to affect STM performance in retardates (and 
perhaps normal children) to an even greater 
extent than in normal adults. It is possible 
that the poorer recall ability of retardates re- 
flects inadequate recording or organizational 
strategies, rather than an inherent limitation 
in STM capacity. 
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Ill 

SHORT-TERM RECOGNITION MEMORY IN CHILDREN 



In a serial recognition memory task S is 
presented a list of items (such as pictures of 
familiar objects) one at a time, and then sho'.vn 
a test item and asked to point out the corre- 
sponding item in the presentation list. For 
example, in a procedure used with young 
children, a series of animal cards are pre- 
sented one at a time and turned over to form 
a face-down array. The child is shown a test 
card and asked to point to the matching card 
in the face-down array. In this task, verbal 
responses are not required of the children, 
and the stimulus materials can be assumed 
to be of approximately equal familiarity to 
children of various ages and IO levels. 

In five studies using the card-guessing 
technique with children (Atkinson, Hansen, 

& Bernbach, 1964; Bernbach, 1967; Calfee, 
Hetherington, & Waltzer, 1966; Ellis & Munger. 
1966; Hansen, 1965), the procedures used 
were almost identical, permitting comparison 
of several relevant variables. The study by 
Bernbach (1967) evaluated the effect of overt 
rehearsal on recognition memory. The stim- 
ulus materials were cards, each in one of 4 
colors. A trial consisted of the presentation 
of 4, 6, or 8 cards at a 2-sec. rate. Then the 
experimenter pointed to one of the cards, and 
the child pointed to the corresponding color 
on a multiple-choice test card. The children 
were 4- and 5-year-olds from a Cornell Uni- 
versity nursery school, presumably from pro- 
fessional, upper-middle income homes. Chil- 
dren in one group said the color of each card 
as it was presented, while the other group 
observed the cards in silence. The labeling 
group was more often correct, especially in 
recalling the colors of the first cards in the 
list, than the silent group. Bernbach con- 
cluded that differences between children and 
adults in STM performance arose because 
adults automatically attach verbal labels to 
stimulus materials, but children have to be 
directed to do so. However, college students 
also did substantially better when required 
to label the stimuli than when they passively 
observed (Atkinson & Shiffrin, 1968). 



In three studios. Atkinson et el. (1964), 
Ellis and Munger (19ot>), and Hanson (1965), 
tr.c display consisted of h cards chosen ran- 
domly on each trial from a larger set of 11 or 
12. The study by Ellis and Munger (1966) is 
especially useful because it provides informa- 
tion on task variables as well as comparative 
data on the performance of normal and retarded 
children. The cards are usually presented 
from theS's right to left, so that spatial and 
presentation positions are perfectly confounded. 
Ellis and Munger found that with reversed di- 
rection (left to right) recall of the first item 
presented was reduced slightly but signifi- 
cantly. There were no other noticeable effects. 
Normal and retarded children performed equally 
well, but the retarded group was older (CA = 

20, MA = 10) than the normal controls (CA = 

6). Atkinson et al. (1964) had previously 
found that 5 -year-old children made more cor- 
rect first choices than 4-year-olds, and Han- 
sen (1965) reported a corresponding finding 
with 5- and 10-year-olds. 

Hansen’s procedure involved substantial 
delay between presentation of the last card 
and the actual test. After the first list was 
presented face-down, a second face-up array 
was laid down beside it. The experimenter 
pointed to a test card in the second array, 
and the child was asked to point to the cor- 
responding card in the first array. The propor- 
tion of correct responses was much lower in 
this study than in others. Hansen also manip- 
ulated presentation rate (1 or 3 sec. per card) 
and found a slight but significant effect of 
this variable. Rate interacted with serial 
position in the same fashion as in the O'Con- 
nor and Hermelin (1965) study, i.e., at fast 
rates the initial items in the list were better 
recalled, and at slow rates the more recent 
items were better recalled. 

In summary, these studies show that with 
a recognition task and quite simple stimuli, 
performance improves with increasing mental 
age and IQ. Serial position effects are sim- 
ilar to those found with college students per- 
forming serial memory tasks. All the studies 
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except Bernbach's (1967) presented evidence 
that recognition memory was not all-or-none. 
For exam Die, second guesses following an 
error tended to be correct more often than 
would be predicted for chance guessing 



(Atkinson et al.. 1964; Hansen. 1965). ana 
incorrect choices tended to be from tr.e 
neighborhood of the correct card (Ellis h 
Munger, 1966). 
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IV 



EFFECTS OF VARIATION IN DISPLAY SIZE 
ON STM OF NORMAL CHILDREN 



The experiments described in this sec- 
tion deal with the effects of display size or 
memory load on STM performance of normal 
pre-school children. Effects of certain pro- 
cedural variables, viz., range of variation in 
display size and prior knowledge of the dis- 
play size, were also investigated. Some of 
the data (Group S below) have been previously 
reported (Calfee et al. , 1966). The results 
are reported here for purposes of comparison. 



GENERAL METHOD 

The stimulus materials consisted of a 
set of 11 brightly colored animal rummy cards. 
Prior to the experimental trials, the child was 
shown the cards one at a time and told the 
appropriate name (e.g., zebra) until he could 
go through the entire deck and name the ani- 
mals. The test procedure was then explained 
and demonstrated by a few training trials. On 
each trial, a subset of cards was chosen at 
random, and one position designated as the 
test position. The subset was shown to the 
S at a 2 -sec. rate; 5 named the animal; and 
the card was placed face down so that a hori- 
zontal array was formed. Immediately after 
the last card, a test card was held up, and 
S was asked to turn over the matching card in 
the array. If the first choice was incorrect, 
it was left face up, and the child picked 
another card. Additional cards were turned 
up until a match was obtained. During the 
intertrial interval (15 to 45 sec.), the experi- 
menter arranged cards for the next trial and 
chatted with the child. 

SUBJECTS AND PROCEDURE 

The investigations below were carried 
out over a 2 -year period. In the initial study, 
small sets (3, 4, or 5 items) were used. In 
the second study display size varied widely 
within Ss (4, 8, or 11 items). The results of 



this study were surprising and led to two 
further studies. In the first, sets of 6 and 8 
items were used (relatively long, but not 
widely variable), and in the second, which 
again used sets of 4, 8, or 11 items, S was 
informed of the display size prior to each 
trial. 

Ss in the first study, Group S (short list), 
were 38 preschoolers (CA = 4.1, range 3.5— 

5.0) from the Unitarian Society Nursery School, 
Madison, who were tested during the 1964—65 
school year. Each child was brought to the 
experimental room where he was shown a 
collection of small toys and told that he 
might choose one toy as a prize. All Ss re- 
ceived the toy of their choice at the end of 
the session. Three children who asked to be 
run again were given a second session a week 
or more after the first session. There were no 
noticeable differences between sessions, and 
the data of the second session were combined 
with those of the first session in the analyses. 

In each testing session, there were 8 sets 
each of display sizes 3,4, and 5, a total of 
24. Each serial position was tested at least 
once for each display size, the selection of 
cards and test positions being otherwise ran- 
dom. 

Group L (long list) contained 16 children 
(CA = 4.3, range 4. 1-4.9) from the Preschool 
Laboratory, University of Wisconsin, Madison, 
who were tested in the fall of 1966. Nine of 
the children participated in second test ses- 
sions a week or more after the first, so that 
a total of 25 test protocols were obtained. 
Materials, training, and test procedures were 
identical to those of the previous study. Each 
child was tested on 14 sets per session; 6- 
and 8-item sets were tested once at each 
serial position. Ordering of lists and test 
positions was completely random. Before 
each trial, the experimenter indicated on a 
display board the number of items to be shown. 

For two other groups of children, displays 
of 4, 8, and 11 items were used. In Group NK 
(no knowledge) were 16 children (CA = 4.6, 
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range 4.0— 4.9) from the Preschool Laboratory, 
who were tested caring the fall of 19o5. Each 
child participated in two testing sessions, 
with an interval of 6 to 8 weeks between ses- 
sions. In one of the sessions, a 2-sec. presen- 
tation interval was used, and in the other a 
4— sec. interval. Length of presentation inter- 
val made no significant difference; the data 
were collapsed over sessions. 

In Group K (knowledge) were 14 children 
from the Neighborhood House, Madison, (CA = 
4.6, range 3.5— 5.0), who were tested in the 
spring of 1966. Each child participated in a 
single session with a 2— sec. interval. 

For both Groups K and NK, a session con- 
sisted of 23 trials, each display size (4, 8, 
and 11) being tested once at each serial 
position. Display size and test position 
were randomly selected on each trial. In 
Group NK, the cards were simply placed on 
a table in front of the child. Performance of 
this group was extremely poor. The children 
seemed confused by the wide variation in 
display size. Group K was run subsequently 
to determine the effect of informing S prior to 
each trial about the number of cards in the 
set. 

At the beginning of each trial, display 
size was indicated by means of a presenta- 
tion tray with 11 sections. Those sections 
not being used on a trial were covered with 
a masonite panel, so that on a 6-item trial, 
only 6 sections were uncovered, etc. The 
use of the tray was explained to the child 
during pre training. 



RESULTS ANO DISCUSSION 

In Table 1 are summary statistics for the 
first response on each trial. (Throughout this 
paper, position 1 is the last item presented, 
and successively larger position numbers 
refer to successively earlier cards.) The en- 
tries in the table are the sums over all test 
positions of the proportion of correct responses. 
For example, with a 3-item list, the proportion 
of correct responses on tests of the first, sec- 
ond, and third positions was .85, .oS, and .37. 
respectively. The sum, 1.9, provides an esti- 
mate of the numbei of items in memory when 
the test was made. This measure increased 
linearly with display size. The effects of 
display size are statistically reliable (p < 

.01) except for Group S (p < .10). Although 
there was a gain in the total number of items 
available in memory, the proportion of items 
relative to display size (also shown in Table 
1) decreased with display size. The only 
data points which deviated markedly from the 
pattern just described were the 6-item list 
of Group L and the lists learned by Group NK. 
There is no apparent explanation for the first 
discrepancy; it presumably represents sampling 
error. The performance of Group NK will be 
considered later. 

Further details of recognition memory per- 
formance are provided by the serial position 
functions. The data for Group S, 4-item list, 
presented in Table 2, illustrate the derivation 
of various statistics. Serial position curves 
are usually based on the a pviori probability 



Table 1. Summary Statistics for First-Choice Performance as a 
Function of Display Size in Normal Children: 

Mean Correct Responses Summed Over Test 
Positions, and in Parentheses, Proportion of 



Correct Responses 




Dispray Size 



Group 


3 


4 


5 


6 


8 


11 


S 


1.9 

(.63) 


2.1 

(-53) 


2.2 

(- 44 ) 


- 


- 


- 


L 


- 


- 


- 


1.9 

(.31) 


2.5 

(.31) 




K 


- 


2.2 

(.55) 


- 


- 


2.9 

(.36) 


3.5 

(.32) 



Table 2. Illustration of How Serial Position Statistics Are Derived from 
Number of Times Position i Was Chosen When Position j Was 
Tested, Group S, 4-Item List 



Correct 

Position 



1 

2 

3 

4 



Total in Column 
Total Column Errors 
Marginal Error Distribution 

A Posteriori 
Probability Correct 



Initial Choice 



Row 



1 


2 


3 


4 


Total 


71 


7 


2 


3 


83 


14 


40 


16 


11 


81 


4 


32 


35 


11 


82 


4 


16 


33 


29 


82 


93 


95 


86 


54 


328 


22 


55 


51 


25 


153 


.14 


.36 


.33 


.16 




.76 


.42 


.41 


.54 





A Priori 
Probability 
Correct 

.86 
.49 
.43 
.35 



Table 3. A Priori Probability of a Correct Response, Normal Ss 




S - 3 
-4 
-5 
L - 6 
-8 
K-4 
-8 
- 11 
NK-4 
-8 
- 11 

Atkinson et al. (1964) 

4- year olds 

5- year olds 

Ellis & Munger (1966) 

Right- Left 
Left- Right 



85 


68 


37 






86 


49 


43 


35 




93 


34 


38 


20 


35 


84 


28 


16 


20 


04 


80 


32 


12 


20 


24 


100 


64 


21 


29 




93 


50 


29 


21 


21 


93 


57 


43 


36 


29 


71 


32 


18 


26 




71 


45 


36 


13 


10 


84 


26 


10 


10 


23 


91 


75 


54 


53 


46 


95 


85 


69 


71 


50 


80 


57 


20 


13 


13 


82 


62 


17 


10 


10 



36 

04 

07 

29 

0 

23 

23 

45 

8 

8 



28 

29 

07 

10 

13 

15 

41 

15 

28 



48 

35 

07 

19 

06 

21 

33 

45 

23 



07 



07 36 



0 19 



N 0t e. — Decimals omitted. 



of a correct response, the proportion of times 
that position i is correctly chosen when tested. 
For example, of the 83 occasions when posi- 
tion 1 was tested, there were 71 correct 
choices, for an a priori proportion of .86. 

A priori serial position curves for the vari- 
ous conditions are presented in Table 3. Four 
other sets of related data are shown for com- 
parison. A marked recency effect is present 
under all conditions, but the primacy effect 
occurs less regularly and is generally small. 

A second statistic of importance is the 
marginal error distribution. From Table 2, it 



may be seen that this distribution gives the 
proportion of errors at each position. For ex- 
ample, of the 153 errors, 22 or .14 of the total 
errors occurred when position 1 W3S incor— 
rectly selected. The marginal error distribu- 
tions for the various conditions of this study 
are shown in Table 4. The error distributions 
are clearly not uniform. There were more er- 
rors at the middle than the end positions. 
(Children in Groups L and NK departed from 
this pattern; they tended to pick the first or 
last cards presented, and then turn over suc- 
cessive cards until a match was made.) Ellis 
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Table 4. Marginal Error Distributions, Normal Ss 



Group and 
Display Size 










Correct Position 










1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


S - 3 


18 


60 


22 


















-4 


15 


31 


36 


18 
















-5 


13 


21 


40 


16 


10 














L-6 


13 


16 


20 


14 


05 


32 












-8 


14 


11 


14 


15 


11 


02 


04 


29 








K-4 


03 


35 


50 


12 
















-8 


03 


25 


19 


26 


10 


08 


04 


04 








- 11 


02 


14 


08 


18 


14 


10 


13 


08 


02 


01 


07 


NK-4 


37 


33 


10 


09 
















-8 


29 


15 


18 


14 


10 


02 


03 


10 








- 11 


17 


12 


06 


11 


15 


11 


09 


05 


03 


01 


12 



Note. — Decimals omitted. 



Table 5. A Posteriori Probability of a Correct Response, Normal Ss 



Group and 
Display Size 








Correct Position 










1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


S - 3 


81 


50 


62 


















-4 


77 


42 


41 


54 
















-5 


73 


38 


25 


31 


55 














L-6 


62 


29 


17 


25 


17 


22 












-8 


52 


35 


13 


19 


29 


25 


57 


23 








K-4 


93 


50 


19 


57 
















-f 


87 


28 


22 


14 


30 


14 


57 


62 








- 11 


87 


35 


40 


21 


21 


27 


07 


11 


25 


50 


.39 


NK-4 


54 


28 


43 


35 
















-8 


29 


33 


25 


14 


14 


0 


33 


25 








- 11 


36 


10 


15 


09 


14 


18 


14 


12 


0 


0 


15 


Atkinson et al. (1964) 
























4-year olds 


81 


65 


47 


38 


34 


22 


33 


63 








5 -year olds 


84 


79 


68 


54 


44 


49 


43 


74 








Ellis & Munger (1966) 
























Right- Left 


78 


28 


20 


22 


25 


14 


21 


29 








Left- Right 


75 


28 


20 


18 


20 


11 


25 


25 









and Munger (1966) and Atkinson et al. (1964) 
also reported a bias for the middle positions. 

Parenthetically, it should be noted that 
this bias for the middle cards when uncertain 
is a reasonable guessing strategy. Since the 
child can often remember the location of the 
first and last cards, if a test item is difficult 
to locate in memory it is likely to be from the 
middle of the list. 

As several investigators (e.g., Murdock, 
1966) have recently pointed out, a priori 
functions are sensitive to both memory strength 
and response strategies. For example, S can 
increase the a priori probability of a correct 
response at position i by selecting it more 



often when uncertain. Another way of analyzing 
the data which is less sensitive to differential 
response strategies is to estimate the a poste- 
riori probability of a correct response. This 
is the likelihood that S is correct when he se- 
lects position i. For example, in Table 2, 
position 1 was chosen 93 times of which 73 
were correct choices for an a posteriori prob- 
ability of .81 . 

The a posteriori serial functions shown 
in Table 5 are generally quite orderly. Except 
for Group L, 6— item list, all the data have the 
bowed shape characteristic of adults. Re- 
sponse strategies, particularly the tendency 
to select the middle position, appear to have 
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been responsible for the absence of primacy 
effects in certain of the a priori functions in 
Table 3. In the Ellis and Munger (1966) study, 
it was concluded from the a priori function 
that the first card presented was better re- 
called when the cards were presented from 
right to left. From the a posteriori function, 
it can be seen that this result is due to re- 
sponse bias rather than to differential memory 
strength. 

Next, we turn to the question of partial 
versus all-or-none retention. Two findings 
indicate that, when the first response was in- 
correct, the child nonetheless had some in- 
formation about the correct position. Fiist, 
when S ' s first choice was wrong, the position 
selected tended to be closer to the correct 
position than chance guessing would predict. 
Second, second guesses following an error 
tended to be correct more often than would be 
expected by chance. 

Evidence for the first finding comes from 
the average absolute deviation (AAD) of initial 
choices. Referring to Table 2, it can be seen 
that in testing position 3, position 2 was 
selected 32 times, and position 4 was se- 
lected 11 times. Both positions are one re- 
moved from the correct location. There were 
4 errors at position 1 which is two cards from 
position 3. The AAD for position 3 was there- 
fore equal to [l x(32 + 11) + (2 x4)]/47 = 1.1. 
By normalizing on errors, the measure was 
independent of error probability. If it were 
normalized on total responses, it would be 
smaller at shorter list lengths because there 
are fewer errors, and thus it would have pro- 
vided a less sensitive indicant of error dis- 
persion. 

In Table 6 are observed and predicted 
AAD's for various groups and list lengths, 
averaged over serial positions. The predicted 
AAD's were based on the marginal error dis- 
-tributions. Again referring to Table 2, the 
probabilities that positions 1, 2, 3 were er- 
roneously selected were .14, .36, and .33, 
respectively. In test position 4, there were 
53 errors. If the child were simply guessing 
on errors, i.e., if he had no idea where the 
correct card was located, then the proportion 
of errors at position 1 would be .15/(.15 + 

.31 + .36) = .18. Thus, 9 errors are predicted 
at a distance of two cards from the correct 
location. The actual number of errors was 4. 
This difference between predicted and ob- 
served choices indicate generalization to 
the correct card at this position. For all but 
one entry in Table 6, errors cluster more 
tightly around the correct card than one would 
predict from all-or-none retention. Similar 



results were observed by Ellis and Munger 
( 1966) and Atkinson et al. ( 1964). The ex- 
tent of the effect is small but consistent. 

With regard to the second-guessing data, 
an all-or-none retention model implies that 
if the first response is in error, S should be 
completely uncertain about the correct posi- 
tion, and so the second response should be 
selected at random from the remaining alter- 
natives. The second and succeeding choices 
for list lengths of 3, 4, and 5 were analyzed 
in detail and the all-or-none retention hypoth- 
esis came close to account for these data 
(Calfee et al., 1966). However, there was a 
slight deviation in the direction of better than 
chance performance, and second guesses by 
odier groups were correct more often than ex- 
pected by an all-or-none hypothesis in all 
cases. The probability of a correct second 
choice for 6- and 8-item lists in Group L was 
.25 and .20, compared with chance predictions 
of .20 and .14, respectively. For Group NK 
on lists of 4, 8, and 11. the observed proba- 
bilities were .41, .15, and .10, and for Group 
K, .77, .33, and .18, compared with predictions 
of .33, .14, and .10, respectively. 2 

Although we were surprised at the effect 
of prior knowledge of list length on recogni- 
tion memory in preschoolers, Pollack, Johnson, 
and Knaff (1959) reported a similar finding in 
college Ss. In their study of backward digit 
span, Ss could recall 1 to 2 digits more when 
they were informed of the length of the se- 
quence prior to presentation than when they 
were not. The difference between Groups NK 
and K in mean probability of a correct response 
in our study was of the same order of magni- 
tude (Table 1) and was statistically reliable, 

F( 1, 28) = 6.04 , p < .05. Children in Group NK 
tended to make stereotyped responses, such 
as starting at one end of the array and turning 
cards over in order, while children in Group K 
tended to select cards in the vicinity of the 
correct card. This difference in strategy is 



z For reasons mentioned previously, sec- 
ond-guess rates somewhat higher than chance 
might be expected ifS differentially selected 
the middle positions. The exact guessing 
rates on second choices are tedious to com- 
pute for long lists. Exact predictions were 
obtained for a few representative samples, 
and it was found that the observed second- 
choice probabilities were greater than the 
predicted values in all cases. For example, 
in Group K, 4-item list, the prediction taking 
into account marginal error was .50, and the 
observed probability was .77. 
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Table 6. Average Absolute Deviation Between Correct Test 
Position and First Response, Normalized on Errors, 
Normal 5s. Predicted Values in Parentheses are 
Based on Assumption of Random Guessing from the 
Marginal Error Distribution 









Display Size 






Group 


3 


4 


5 


6 


8 


11 


S 


1-1 

(1-2) 


1.4 

(1.5) 


1.6 

(1.8) 


- 


- 


- 


L 


- 


- 


- 


2.5 

(2.5) 


3.1 

(3.2) 


— 


K 


- 


.8 

(1.5) 


- 


- 


2.0 

(2.6) 


2.7 

(3.6) 


NK 


— 


1.5 

(1.7) 


— 




3.2 

(3.1) 


3.8 

(4.1) 



apparent in Table 6, where the difference be- 
tween observed and expected AAD’s was much 
smaller for Group NK than for Group K. 3 

In summary, the investigations of display 
size justify seve'al preliminary conclusions 



3 It is true that certain variables are un- 
controlled in this comparison — S population, 
time of year, and experimenter. Judging from 
a comparison of 5s in the studies of Atkinson 
et al. (1964) and Hansen (1965) with those of 
Ellis and Munger (1966) and Group L in the 
present study, subject population is probably 
a variable of some significance. 5s in the 
first two studies generally performed at a 
s ub stantially higher level than those in the 
latter two. The latter groups came from pre- 
school nurseries catering to upper-middle 
class parents, while the former groups were 
from day-care centers and low-income back- 
grounds. In our experience, children from 
day-care centers, where relatively little in- 
dividual attention may be available, appeared 
more strongly motivated and interested in the 
experiments. 



about STM capacity in young children, (a) As 
memory ioad increases, mean probability of a 
correct response recall decreases but at a 
lower rate than the increase in load, producing 
a net gain in amount of information retained. 
Within the limits examined, total amount re- 
membered increases linearly with display size. 

(b) Noticeable response biases occur. When 
unsure (i.e., given an error), children tend to 
select a card from the middle of the list. 

(c) When response biases were taken into 
account, primacy and recency effects similar 
to those in college-age 5s are found, (d) Sec- 
ond-guess and generalization analyses are 
contra indicative of a simple all-or-none re- 
tention model. When the initial response was 
wrong, the erroneous choice was usually in 
the vicinity of the correct position, vand the 
second choice was correct more often than 
predicted by chance. In most respects, the 
performance patterns of young children seem 
to parallel those of college students on sim- 
ilar tasks, the main difference being the higher 
rate of forgetting and the existence of greater 
response biases in children. 
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